Abstract. Early diagnosis of cancer is a key factor for the success of treatment. For this reason, identification of highly sensitive and specific novel tumor markers is urgently needed. In the present study, the CM5 polyclonal antibody (CM5 pAb) raised against p53 of mouse origin was used to identify p53 structurally related protein(s) that may also play an important role in promoting or preventing lung cancer. Western blot analysis was performed on tumor tissues and corresponding normal tissues obtained from lung cancer patients. CM5 pAb reacted with a human protein with an apparent molecular weight of 90 kDa in the lung tumor tissue. The levels of this protein were greatly increased in 35 of the 37 (94.6%) lung tumor samples assessed, with only minimal expression in the normal adjacent tissues. The 90-kDa protein was immunoprecipitated by CM5 pAb and was subsequently identified by LC-MS/ MS to be glucosidase II, a key protein involved in the quality control mechanism of glycoprotein folding. An investigation of the response to genotoxic stress and endoplasmic reticulum (ER) stress using A549 human lung adenocarcinoma cells demonstrated that glucosidase II exhibited a similar pattern of response as the p53 tumor suppressor. Protein levels of both p53 and glucosidase II were increased in response to UV irradiation but decreased in response to tunicamycin-induced ER stress. In conclusion, we demonstrated that a polyclonal antibody raised against mouse p53 could cross-react with human glucosidase II, which was found to be frequently overexpressed in human lung tumor tissues and exhibited a stress response similar to p53. The high frequency of glucosidase II overexpression, which to the best of our knowledge has not been previously described, indicates its crucial roles in lung tumorigenesis and is thus a valuable biomarker for facilitating the screening and/or diagnosis of lung cancer. However, further investigations concerning its relationship to p53 and its roles in ER and genotoxic stress are warranted.
Introduction
The identification and characterization of the p53 protein has relied extensively on immunological methods. Antibodies directed against p53 protein have been valuable tools for investigating the structure-function relationship of wild-type and mutant p53 as well as other p53-related proteins such as p63 and p73. Monoclonal antibodies raised against Xenopus p53 have been demonstrated to cross-react with human p73 (1) . The p53 proteins of both mouse and human origin are detectable with PAb240, reflecting a high sequence homology of the p53 protein between these two species. The epitope for the monoclonal PAb421 antibody (2) is also highly conserved between the human and the mouse (3) .
The CM5 polyclonal antibody (CM5 pAb) from rabbits immunized with mouse wild-type p53 was originally developed for immunohistochemical analysis of mouse p53 expression (4) . It has high affinity for mouse p53 and low affinity for human p53 and is also very useful in immunoblotting of mouse p53. CM5 pAb recognizes several antibody epitopes of the mouse p53 protein, including the epitope for PAb240 (3) . Using an anti-mouse p53 CM5 pAb to perform immunoblotting of human lung tumor tissues, we unexpectedly found that the CM5 pAb cross-reacted with an unknown human protein with an apparent molecular weight of 90 kDa. The CM5-reactive protein was found to be overexpressed in human lung tumor tissues with only minimal expression in normal adjacent lung tissues. Therefore an investigation was carried out to identify and characterize this protein, which may play an important role in promoting or preventing lung cancer and could potentially be a novel lung tumor biomarker.
Glucosidase II exhibits similarity to the p53 tumor suppressor in regards to structure and behavior in response to stress signals: A potential novel cancer biomarker supplemented with 10% fetal bovine serum (FBS), 100 U/ ml penicillin and 100 µg/ml streptomycin. A549 (5x10 5 ) cells were seeded into a 100-mm dish containing 10 ml of DMEM and cultured at 37˚C in a humidified incubator with 5% CO 2 overnight. The following morning, the culture medium was removed, and cells were irradiated with UV (15 J/m 2 ) in order to induce DNA damage. After adding fresh medium, culture was continued at 37˚C in 5% CO 2 , and the cell lysate was prepared from UV-irradiated cells at different time points (3, 6, 24 and 36 h). In order to induce ER stress, A549 cells were cultured in DMEM containing 3 µg/ml tunicamycin (cat. T7765; SigmaAldrich, St. Louis, MO, USA). Cell lysates were also prepared from tunicamycin-treated cells at different time points (3, 6, 24 and 36 h) and subjected to western blot analysis. Blots were probed with specific antibodies against human p53, glucosidase II, GRP (glucose-regulated protein)-78 and GRP-94 to characterize changes in the level of these proteins. Blots were also probed for GAPDH to confirm equal loading of protein.
Results

Overexpression of CM5-reactive protein in human lung
tumor tissues. Anti-mouse p53 CM5 polyclonal antibody (CM5 pAb) was found to react with a human protein with an apparent molecular weight of 90 kDa. Of the 37 human lung tissue samples investigated, 35 (94.6%) were found to have an increased level of this 90-kDa protein in tumor tissues when compared to levels in the normal tissues. The overexpression of this unknown protein in tumor vs. normal adjacent lung tissues is shown in Fig. 1 . It appeared that, in our detection system, human p53 was not recognizable by the CM5 pAb as no band at 53 kDa was detected, although a number of tumor tissues showed a positive band with the DO7 anti-human p53 monoclonal antibody (Fig. 1B) .
Purification and identification of the CM5 pAb-reactive protein.
To identify the unknown protein recognized by CM5 pAb, immunoprecipitation was performed in order to isolate and purify this protein from the tumor cell lysate. The immunoprecipitated protein was resolved through 10% polyacrylamide gel. The protein band that migrated at ~90 kDa was excised from the gel and subsequently subjected to protein identification using liquid chromatography-tandem mass spectrometry (LC-MS/MS). Using MS data searched against a mammarian protein database, the resulting mass spectra were identified as belonging to several candidate proteins (Table I) Verification of the protein identified by mass spectrophotometry. In order to verify the identification results of LC-MS/MS, protein molecular weight comparison and immunoprecipitation were performed. Whole cell lysate from various lung tumor tissues known to overexpress the CM5 pAb-reactive protein was resolved through 10% polyacrylamide gel, and separated proteins were transfered onto a PVDF membrane. The blots were cut in half and immunodetected with either CM5 pAb and anti-GRP-78 or anti-glucosidase II. As shown in Fig. 2 , the unknown protein recognized by CM5 pAb had an apparent molecular weight similar to glucosidase II but not GRP-78. Therefore, immunoprecipitation was performed using anti-glucosidase II mAb. The immunoprecipitated protein was resolved through SDS-PAGE and subjected to immunodetection with CM5 pAb. The immunoprecipitated protein was recognizable by anti-glucosidase II mAb thus indicating the successful immunoprecipitation process. Notably, the immunoprecipitated protein was also recognized by CM5 pAb (Fig. 3) . In addition, the results of the western blot analysis demonstrated an identical expression pattern between the proteins recognized by CM5 pAb and anti-glucosidase II mAb in each lung tumor tissue tested (representative western blot results are shown in Fig. 4) .
Expression of glucosidase II in response to ER stress and UV irradiation.
The A549 human lung adenocarcinoma epithelial cell line was used as a cell model to investigate the expression pattern of glucosidase II in response to UV-irradiation and tunicamycin-induced ER stress in comparison to p53. The whole cell lysate was prepared at different time points (0, 3, 6, 24 and 36 h) following treatment. As shown in Fig. 5A , the protein levels of both p53 and glucosidase II were increased in the UV-irradiated cells. The induction appeared as rapidly as 3 h after treatment and continued to increase even after 24 h. The maximum induction was observed at 24 h for both p53 and glucosidase II (Fig. 5B) . In contrast, levels of both p53 and glucosidase II were found to be suppressed in the tunicamycin-treated cells and the maximum reduction appeared at 6 h after treatment for both p53 and glucosidase II (Fig. 6A and B) .
Discussion
Using the CM5 anti-mouse p53 polyclonal antibody to performed western blot analysis of human lung tumor tissues, we fortuitously discovered that the protein level of glucosidase II was greatly increased in a high proportion of lung tumor tissues, while the corresponding normal adjacent tissues showed barely detectable expression levels. Glucosidase II plays a key role in the processing of N-linked oligosaccharide chains of glycoprotein and is involved in the quality control mechanism of glycoprotein folding (6) . However, to the best of our 
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knowledge, overexpression of glucosidase II in tumor tissues has not been previously described. ER is the site of folding for protein destined for different compartments of the cell. As the newly synthesized proteins enter the ER lumen, they are covalently modified by the addition of a pre-assembled oligosacharide composed of 2 N-acetylglucosamines, 9 mannoses and 3 glucoses. Glycosylation of the newly synthesized protein is believed to aid in the increasing hydrophilicity of the un-structured proteins. Subsequently, the glycosylated protein chains enter a glycoprotein-dedicated chaperone system comprising calnexin and calreticulin (7) . Access to the calnexin/calreticulin system requires removal of the two outermost glucose residues by the sequential action of glucosidase I and II, respectively (8) . Removal of the third glucose is also mediated through glucosidase II action, which is required to dissociate folding substrates from calnexin and the release of the native proteins from the ER and transport to their final destination. However, if the protein is improperly folded, the folding sensor UDP-glucose:glycoprotein glucosyltransferase 1 (UGT1) will add back a terminal glucose to promote re-association of the non-native protein and calnexin, thus prolonging their time in the ER folding environment. Cycles of de-/re-glycosylation may be extended until the protein released from calnexin fufills the quality requirement (reviewed in ref. 6 ). Therefore, balance of glucosidase II and UGT1 activity is crucial in order to maintain protein quality control of the ER. Disturbance in the folding capacity of the ER caused by a variety of endogenous and exogenous stimulants could initiate a cellular stress condition known as ER stress. ER stress is initially induced to re-establish ER homeostasis through the activation of an integrated intracellular signal transduction termed the unfolded protein response (UPR). However, when ER stress is too severe or prolonged, the pro-survival function of the UPR turns into a toxic signal, which is predominantly executed by mitochondrial apoptosis (9) . Since glucosidase II plays a major role in the release of proteins from the ER folding system, cells with overexpression of glucosidase II may be impervious to ER stress. Even overloaded with misfolded proteins, UPR and apoptosis may not be triggered in glucosidase II-overexpressed cells. In agreement with this hypothesis, inhibition of glucosidase II has been reported to reduce proliferation and induce apoptosis (10,11) of tumor cells.
There is increasing evidence that the UPR is compromised in a large variety of human tumors (reviewed in ref. 12). More importantly, several recent studies have demonstrated that interfering with the activation of different arms of the UPR (i.e., PERK-eIF2α-ATF4 axis) or altering the levels of the ER molecular chaperone GRP-78/BIP (a master regulator of ER function and the UPR) can inhibit tumor growth (13) (14) (15) . This evidence indicates that not only the UPR is compromised in tumors but that it contributes to survival or growth of the cancer cells. Therefore, inhibitors of glucosidase II could also be regarded as potential anticancer agents (16, 17) .
The discovery of the induction of glucosidase II protein in lung tumor tissues through the use of the antibody against p53 indicates their structure similarity, and prompted us to elucidate the connection between these two proteins. Although our findings remain to be confirmed in different cell lines and primary cultures from patients, we showed that the pattern of changes in the protein levels of p53 and glucosidase II in response to ER stress and genotoxic stress was similar in A549 cells. The p53 tumor-suppressor protein becomes stabilized and activated in response to a number of stressful stimuli, i.e., hypoxia, nucleotide depletion or oncogene activation (18) . The main form of stress that activates p53 is genotoxic stress (19) , which if left unchecked can lead to loss of genomic integrity and tumorigenesis. Activation of p53 allows it to carry out its function as a tumor suppressor protein through a number of controlling endpoints i.e., cell cycle arrest or apoptosis (20) . However, it was not recognized until recently that ER stress also plays a pivotal role in modulating p53 activity. The protein level (21) and function (22) of p53 have been reported to be reduced or suppressed in response to ER stress. This inhibition is believed to help ensure that p53 activation is restricted to agents that induce genotoxic stress (23) . However, if the ER stress is not properly responded or if the UPR is compromised by an altered level of regulator proteins, i.e. glucosidase II, this may lead to the overproduction of misfolded proteins which may be oncogenic and together with the suppression of p53 function, the cell may finally become cancerous. The fact that both p53 and glucosidase II respond to ER stress and genotoxicity in a similar fashion indicates the possible connection between the two proteins; our findings warrant further investigation.
In conclusion, we demonstrated that human glucosidase II protein was frequently overexpressed in human lung tumor tissues. The high frequency of glucosidase II overexpression, which to the best of our knowledge has not been previously described, indicates the crucial role of glucosidase II in lung tumorigenesis and its potential value as a biomarker for aiding the screening and/or diagnosis of lung cancer. For example, a highly sensitive glucosidase assay system could be developed to measure glucosidase enzymatic activity from non-invasive samples i.e., exhaled breath condensate (EBC) or pleural effusion, in order to screen for lung cancer. Further investigation concerning the underlying mechanism of the protein induction and its relationship with p53, genotoxic stress and ER stress are warranted.
